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CYTOKINES COME OF AGE
Cytokines have originally been discovered as biologic
activities in body fluids and cell supernatants. These
activities were shown to mainly act on cells of the immune
system or to coordinate the functions of the immune
system with the rest of the body. The cytokine family is
still growing although about 50 cytokines are known
today.
It turned out that cytokines are 120-200 amino acid long,
four helical proteins, which bind to receptors, which belong
to the immunoglobulin family. Three-dimensional structures
of cytokine-cytokine receptor complexes have been reported
for the simple cytokines, which bind to two receptor
subunits like growth hormone, prolactin and erythropoietin
[1]. Recently the structure of gp130 complexed with viral
IL-6 has been solved [2]. Members of the family of gp130
cytokines bind to three receptor subunits. Recently, a new
paradigm of cytokines has emerged. some cytokines are
only secreted in complex with a soluble cytokine receptor,
thereby resembling the cytokine interleukin-12 [3]. The
structural knowledge of cytokines and cytokine receptors
has been exploited to construct cytokine antagonists and
hyper-agonists, some of which are on their way into the
clinic [4].
While in the beginning, cytokines were thought to be
mainly involved in coordinating immune functions, it turned
out that they are also involved in the coordination of the
nervous system [5]. The availability of gene deficient mice
clearly demonstrated that some but not all cytokines had
important functions during embryo development [6].
Meanwhile, we also know that the maintenance of
embryonig stem cells in their undifferentiated state requires
gp130 stimulation [7,8] and that the physiologic basis of this
reaction is a process called diapause, which is defined as a
state in which embryonic development can be halted at the
stage of the blastocyste and can be resumed after weeks or
months when environmental conditions are more favorable
for pregnancy [9].
There were several surprising discoveries concerning the
age of cytokines and their receptors. Terrestrial salamanders
use an interleukin-6 related cytokine as a pheromone [10].
An indication that the origin of cytokines is far before the
vertebrates came with the discovery that a single JAK
kinase and a single STAT factor is located in the genome
of the fruit fly drosphile [11]. Moreover it was shown that
the slime mold dictostelium discoides expresses STAT
proteins [12], which might be taken as an indication that
the origin of cytokines lay before multicellular organisms.
Why is it so difficult to identify cytokines or cytokine
receptor at the genomic level? The answer is that the
nucleotide and protein sequences of cytokines and cyto-
kine receptors are practically not conseved at all. Human
and murine interleukin-6 are only 50% homologous.
Human ciliary neurotrophic factor and human interleu-
kin-6 which both signal via gp130 are less than 10%
identical [13]. Therefore, it is not possible to identify
genes coding for cytokines or cytokine receptors just by
sequence analysis. An illustrating example is the recent
identification of the first and only cytokine receptor in
drosophila. Having failed to locate a cytokine receptor
gene in the completed drosophila genome, Brown and
colleagues tracked down the drosophila receptor signaling
via JAK and STAT by genetic means. Using p-element
mutagenesis, they searched for a phenotype resembling
that of flies lacking functional STAT. They isolated the
apparently only cytokine receptor gene found in the
drosophila genome [14]. This cytokine receptor turned
out to be most closely related to receptors of the family
of gp130 cytokines [14]. Most recently it was elegantly
demonstated that the function of the JAK/STAT pathway
in drosophila is required for the control of self-renewal of
embryonic stem cells [15,16].
What about cytokines in drosophila? There is strong
genetic evidence that the protein coded by the gene unpaired
is the ligand of the drosphila cytokine receptor dome, which
leads to activation of the JAK/STAT pathway [11]. The
more than 400 amino acid protein sequence upon first
inspection does not look like a cytokine at all. using
molecular modeling techniques, however, J Gro¨tzinger
(University of Kiel, Germany) recently identified the
COOH-terminal domain of the unpaired protein as a four
helical cytokine (see cover illustration). It can only be
speculated whether NH2-terminal half of the protein has
functional and/or structural homology to the soluble recep-
tors found in association with some cytokines.
So it seems clear that cytokines are much older than our
adaptive immune system and that the original function of
cytokines include the regulation of self-renewal of stem
cells. It can be speculated that this activity has predestined
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cytokines as signaling molecules in the immune system
where clonal expansion of huge cell population from small
progenitor or stem cell populations is controlled by cyto-
kines. On the other hand, it might be worthwhile to more
rigorously analyze the role of cytokines in the decision of
adult and embryonic stem cells to undero self-renewal or
differentiation. This may help to a more fundamental under-
standing of these pivotal cellular functions and might have a
huge impact on future therapeutic strategies in regenerative
medicine.
This special issue of Biochimica et Biophysica Acta on
the molecular biology of cytokines brings together leading
scientist from diverse fields involved in cytokine research
such as structural biology, signal transduction, and impor-
tant medical fields like hematology, gastroeneterology, and
neurology. This issue provides the reader with important
breakthroughs of the last years and demonstrates that
reagents dervied from cytokines or cytokine receptors have
already found their way to the clinic.
References
[1] A.M. De Vos, M. Ultsch, A.A. Kossiakoff, Science 255 (1992) 306–
312.
[2] D.-C. Chow, X.-L. He, A.L. Snow, S. Rose-John, K.C. Garcia, Sci-
ence 291 (2001) 2150–2155.
[3] G.C. Elson, E. Lelievre, C. Guillet, S. Chevalier, H. Plun-Favreau, J.
Froger, I. Suard, A.B. de Coignac, Y. Delneste, J.Y. Bonnefoy, J.F.
Gauchat, H. Gascan, Nat. Neurosci, 3 (2000) 867–872.
[4] H. Schooltink, S. Rose-John, J. Interferon. Cytokine Res 22 (2002)
505–516.
[5] P. Ma¨rz, U. Otten, S. Rose-John, Eur. J. Neurosci. 11 (1999) 2995–
3004.
[6] J.J. O’Shea, M. Gadina, R.D. Schreiber, Cell 109 (2002) S121–S131.
[7] A.G. Smith, J.K. Heath, D.D. Donaldson, G.G. Wong, J. Moreau, M.
Stahl, D. Rogers, Nature 336 (1988) 688–690.
[8] R.L. Williams, D.J. Hilton, S. Pease, T.A. Willson, C.L. Stewart, D.P.
Gearing, E.F. Wagner, D. Metcalf, N.A. Nicola, N.M. Gough, Nature
336 (1988) 684–687.
[9] J. Nicholds, I. Chambers, T. Taga, A. Smith, Development 128 (2001)
2333–2339.
[10] S.M. Rollman, L.D. Houck, R.C. Feldhoff, Science 285 (1999)
1907–1909.
[11] D.A. Harrison, P.E. McCoon, R. Binari, M. Gilman, N. Perrimon,
Genes Dev 12 (1988) 3252–3263.
[12] M. Fukuzawa, T. Araki, I. Adrian, J.G. Williams, Mol. Cell 7 (2001)
779–788.
[13] J.F. Bazan, Neuron 7 (1991) 197–208.
[14] S. Brown, N. Hun, J.C. Hombria, Curr Biol 11 (2001) 1700–1705.
[15] A.A. Kiger, D.L. Jones, C. Schulz, M.B. Rogers, M.T. Fuller, Science
294 (2001) 2542–2545.
[16] N. Tulina, E. Matunis, Science 294 (2001) 2546–12549.
Stefan Rose-John
Department of Biochemistry,
Christian-Albrechts-Universita¨t Kiel,
D-24098 Kiel, Germany,
E-mail address: rosejohn@biochem.uni-kiel.de
Tel.: +49-431-880-3336; fax: +49-431-880-5007
Editorial / Biochimica et Biophysica Acta 1592 (2002) 213–214214
